A surge of exports in the 2000s helped Japan exit the severe decade-long stagnation known as the lost decade. Using panel data of Japanese exporting firms, we examine the sources of the export surge during this period. One view argues that the so-called "divine wind" or exogenous external demand boosted Japanese exports. The other view emphasizes the role of supply factors such as productivity gains, materialized after longfought restructuring efforts during the lost decade. Estimating the firm-level export function allows us to assess the relative importance of these demand and supply factors. Evidence shows that firms' efforts were more important than the divine wind. JEL Classification Numbers: E44, F14, O30
I. Introduction
Ample of evidence shows that a surge of exports in the 2000s helped Japan get out of the so-called lost decade of the 1990s. The Japanese GDP growth rate (blue bars in Figure 1 ) averaged 1.8 percent during 2002 to 2007 before it turned negative in the 2008-09 global financial crisis. Almost two thirds of this growth were due to growth in exports (red bars in Figure 1 ). This is a distinct contrast from the period between 1992 and 2001, where the GDP growth rate averaged 0.9 percent and only one third of this growth was due to growth in exports.
The question is what has led to this export growth in the 2000s. One view is that the "divine wind" or a surge of exogenous external demand, especially from China and other emerging markets in Asia, was the source of export growth. Indeed, Japanese exports to China and Asian NIEs (Hong Kong SAR, Korea, Singapore and Taiwan (Table 1) . Similarly, Japanese exports to Asian NIEs increased sharply from 1.7 percent during 1991 to 2001 to 10 percent during 2001 to 2007. 1 Such evidence alone however cannot verify whether the export growth was indeed driven by exogenous forces.
The other competing argument is that the productivity gain of exporting firms has resulted in a surge of exports. Following the seminal work of Bernard and Jensen (1995) , a positive relationship between productivity and exports is well documented for many countries and Japan is no exception. 2 A rapid growth in productivity of Japanese firms in the 2000s is also well evidenced, for example Kwon et al. (2008) . These findings together could imply that the productivity gain of Japanese firms in the early 2000s had led to the export surge to China and Asian NIEs.
The main objective of this paper is to evaluate quantitatively the relative importance of sources of Japanese export growth. The rapid growth observed in China and other emerging markets in Asia and their demand for Japanese products is an exogenous demand factor for Japanese exports, while productivity gain is a supply factor. Which factor had a larger role to play is an empirical question. We therefore turn to panel data of Japanese exporting firms for an answer. In particular, we focus on listed firms with registered primary exporting goods in the three leading exporting industries: general machinery, electrical machinery, and transportation equipment. 3 The sample period is between 1995 and 2007; which includes both the stagnation phase in the 1990s and the recovery phase in the 2000s. 1 There is little difference in the GDP growth rate between the two periods for both regions: the average GDP growth rate of China and Asian NIEs is 10.4 percent and 5.6 percent during 1991 to 2001, and 11.2 percent and 5.2 percent during 2002 to 2007, respectively. 2 For example, positive relationship between productivity and export has been found in the United States by Bernard and Jensen (1995 , 2004a , 2004b and Bernard et al. (2007) , in Canada by Baldwin and Gu (2003) , in European countries by Bernard and Wagner (2001) and Mayer and Ottaviano (2007) , in Colombia, Mexico and Morocco by Clerides et al. (1998) , in Asian countries by Aw et al. (2000) and Hallward-Driemeier et al. (2002) and in Japan by Kimura and Kiyota (2006) , Tomiura (2007) , Wakasugi et al. (2008) , Todo (2009) and Yashiro and Hirano (2010) . 3 The aggregate export share by these three industries amounts to 64.8 percent (2007) to 71 .5 percent (1994) . We find that productivity gain is much more important than exogenous income growth of trading partners in explaining the surge of exports in the 2000s. We first derive and estimate two equations: (i) the optimal export function, which depends not only on exogenous income growth of trading partners, but also on price-cost margins (or profitability) of exporters, and (ii) the price-cost margin equation, which depends on total factor productivity (TFP) as well as factors affecting the cost of production. Using estimates of parameters of these equations, we then measure the share of variations in exports explained by those in determinants of exports. We find that TFP explains close to 50 percent of total variations in exports while income growth of trading partners under 20 percent. This finding implies that firms' strenuous efforts in restructuring during the 1990s played an important role in generating a surge of exports in the 2000s and thus the steady growth out of the lost decade.
The remainder of the paper is organized as follows. In Section 2 we characterize the exporting behavior of a firm in partial equilibrium model in line with the recent trade model á la Melitz (2003) that features firm heterogeneity. We describe our data characteristics in Section 3. Empirical results of the export and price-cost margin equations are presented in Section 4. Section 5 evaluates quantitatively the contribution of demand and supply factors to exports. The last section concludes.
II. Model A. Exporting Behavior
We construct a market equilibrium model of firms that sell their products in both domestic and overseas markets. Our model is in line with the recent trade theory developed by Melitz (2003) , Melitz and Ottaviano (2008) and Bernard et al. (2003) that stresses firm heterogeneity. Consider a profit-maximizing firm that sells its product in both domestic and overseas markets. The firm faces a downward-sloping demand curve in domestic and overseas market, respectively. We assume that there are N firms in the market. Downward-sloping demand curve in overseas market is given by
where   : demand for exports,   : export price on a yen basis,   : world price on a dollar basis,  : exchange rate ( yen per dollar),  : price elasticity of overseas demand, and  : factors that shift export demand.
The inverse demand curve is expressed as
where
Similarly, downward-sloping demand curve in domestic market and the inverse domestic demand curve are given by eqs. (3) and (4), respectively.
 : price elasticity of domestic demand, and  : factors that shift domestic demand.
The -th firm maximizes its profit   , defined by (5) , with respect to overseas sales (  ) and domestic sales (  ):
  : total factor productivity,
  : wage rate,
It is assumed that production technology is linearly homogeneous so that the unit cost function does not depend on the level of output. The trading cost includes expenses on market research of overseas market, tariff, and transportation costs. We assume that the unit trading cost is a decreasing function of firm size, measured by total assets. 4 The first order condition is given by (6): 5 for all  = 1     
Using the total export demand and domestic demand, eq.(6) can be re-written as follows.
4 Forslid and Okubo (2011) find that the unit trading cost is a decreasing function of firm size due to scale economy. 5 When unit production cost plus unit trading cost exceeds export price or
, the firm will not enter the export market. It is more likely that this inequality is held for a firm with lower TFP and thus higher unit production cost. This might explain positive correlation of productivity and export found in many empirical studies. Here we assume that
Thus the -th firm's share in total export and domestic sales is given by eq. (8) .
The -th firm's share in total export depends upon the price-cost margin
and real unit trading cost. The firm with higher price-cost margin may attain higher share of export. The price-cost margin is an increasing function of TFP and a decreasing function of wage rate, rental price of capital and material price, so that the firm's export share increases when the firm raises its TFP and faces lower input prices. The firm may also increase its export share by lowering real unit trading cost. A larger firm may increase its export share since it faces lower trading cost due to scale economy. From eq. (8) the export function is written as
Note that   is a function of relative prices     and factors that shift the export demand function , as is given by (1) . An important ingredient of shift parameter is world income. To sum up, the export function is expressed as
where   : world income.
B. Equilibrium Export Price
Aggregating the first order condition of export given by eq. (7) across firms, we obtain the following equation:
Using the market clearing condition P  =1   =   , we can solve eq.(11) in terms of   as
Yen-denominated export price is therefore described as a function of the average unit cost and unit-trading cost multiplied by the mark-up ratio. A rise in TFP will lower Japanese export price relative to world price and hence increases overseas demand for Japanese exports.
C. Role of External Finance to Exporters
It is implicitly assumed that exporters do not face liquidity constraints in deriving the optimal export function above. However recent empirical studies find that exporters might be liquidity-constrained. Amiti and Weinstein (2011) demonstrate that trade finance provided by the financial institutions plays an important role in exporting behavior of Japanese listed firms. Using matched bank-firm data, they demonstrate that banks transmitted financial shocks to exporters in the financial crises during the 1990s. In other words, bank health was improved by wiping out non-performing loans, which enabled the financial institutions to provide trade finance to exporters and contributed to export increase. 6 The export function might be extended by including the bank health variable. We use as a proxy of bank health the lending attitude diffusion index (DI) of financial institutions that measures easiness of providing external finance to exporters. Lending attitude DI is defined as the difference between the proportion of the firms feeling the lending attitude to be accommodative and that of the firms feeling the lending attitude to be severe. The larger the lending attitude DI, the easier it is for exporters to obtain external finance from the banking sector. The extended export function is written as
where    : lending attitude DI of financial institutions.
III. Data Description
Three key variables in this study are: total factor productivity, price-cost margins, and real exports. This section describes, for each variable in turn, (i) how these variables are constructed, and (ii) the main features of these variables during the sample period, 1995-2007. 7 The primary data source used in this study is the set of unconsolidated financial statements of firms listed in the First Section of the Tokyo Stock Exchange. The database is provided in electronic basis by Nikken Inc., known as NEEDS database. Our analysis focuses on the machinery-manufacturing firms since these firms played a vital role in the recovery process from the lost decade by exporting activities.
The first variable, total factor productivity for firm  at time ,   , is constructed as follows:
where the upper bars indicate the industrial averages of the corresponding period, and
-th firm in period  and
That is to say, the log of TFP measures the productivity level relative to the productivity of average firm in the corresponding industry in the starting year. The log of TFP is composed of real output, three inputs (capital, labor and materials) and their corresponding shares. The sources and the construction method of the data are explained in detail in the appendix to this paper. Price-Cost Margin The second variable, the price-cost margin, is calculated as the value of output divided by the total cost, where the total cost ( ) is the sum of labor, material, and capital cost:
Total Factor Productivity
The cost shares,       and   , used in constructing TFP is obtained by dividing each factor cost by the total cost.
The reduction of the production cost through a rise in total factor productivity may increase the price-cost margin as long as the output price remains constant, resulting in higher profitability. Figures 6 to 8 show the mean and median of price-cost margin for each industry. Price-cost margin of general machinery and transportation equipment also has a turning point around 2000 and exhibits an increasing trend thereafter.
For the electrical machinery sector, the price-cost margin remains almost constant for whole sample period, while the log of TFP shows a sharp upward trend after 2001. This could occur when productivity gain does not lead to higher price-cost margins, or higher profitability, due to a fierce international competition and the output price level comes down concurrently. 
IV. Estimation Results and Implications

A. Export Functions
We estimate the export function derived in Section 2 under two specifications with and without bank health variable. The export function to be estimated is given by
where    ; price-cost margin,    ; lending attitude of financial institute,   ; firm-specific term, and
In eq.(16) both world income and relative prices are industry-specific and we do not include time dummies as explanatory variables since our ultimate goal of this paper is to compare the relative contribution of world income and TFP to export. 8 We take the endogeneity of price-cost margin into consideration explicitly in estimating export function. Price-cost margin is one of the important determinants of export in our model. However, the price-cost margin variable is constructed only from the information contained in balance sheet and profit-and-loss statements. Thus unobservable important information such as the values of overseas network is not reflected on our price-cost margin variable. Then the observable price-cost margin might include measurement errors. Straight application of conventional panel estimation might yield downward bias of the estimates. In this case the instrumental variable (IV) estimator is a legitimate procedure to allow for endogeneity. Candidates for instrument are ingredients of cost function; which are log(  ), log(  ), log( ) , log( ) and 12 time dummy variables. The preliminary estimation, however, reveals that if we adopt all the explanatory variables in the cost function as instruments, the Sargan test decisively rejected the overidentification restrictions, so that we use only part of the instruments that do not violate the overidentification restrictions. Therefore, we use the log of TFP and lagged debt-asset ratio as valid instruments for the price-cost margin that do not violate the overidentification restrictions. The estimation is conducted for the whole sample and each industry. The Hausman specification test is applied for selection between fixed-effect model and random-effects model. Tables 2 and 3 show the estimation results of the export function. We report the estimation results of the export function by both panel IV estimation (Table 2 ) and simple panel estimation (Table 3) . It should be noted that the coefficient estimate of the price-cost margin by simple panel estimation is much smaller than that by IV estimation. This indicates that application of simple panel estimation yields biased estimates due to measurement error contained in the price-cost margin. Therefore the following discussions are based on the estimation results by IV method.
The coefficient estimate of world income is significantly positive, irrespective of industry and specification. The income elasticity of export ranges from 0.580 (general machinery) to 1.150 (transportation equipment). The price-cost margin has significantly positive effect on exports, irrespective of industry and specification. The elasticity of export with respect to price-cost margin is 0.438 (general machinery) to 1.494 (transportation equipment). Our finding of positive relationship between the price-cost margin and exports is consistent with Loecker and Warzynski (2009) . They find that exporters have on average higher markups for Slovenian firms.
Firm size, measured by total assets, exerts a significantly positive effect on exports, as is confirmed by many studies. The coefficient estimate of lending attitude is also significantly positive, irrespective of industry. It implies that severe lending attitude of financial institutions reduces exports. Our finding is consistent with Amiti and Weinstein (2011) finding that trade finance provided by the financial institutions affects exports of Japanese firms. 
B. Price-Cost Margin Equation
In this section we regress the price-cost margin on its determinants. The price-cost margin equation is important since it is used for evaluating quantitatively the contribution of TFP and other determinants to the cost function of exports, our ultimate goal of this paper. The price-cost margin equation to be estimated is written as
where   ; debt-asset ratio, and
We add the debt-asset ratio and time dummies to the list of explanatory variables. Note that the material price is common to all the firms in the sample, so that it is subsumed into the time dummies. Table 4 shows the estimation results.
The coefficient estimates of factor prices are all significantly negative. This implies that a rise in factor prices lowers the price-cost margin. The TFP variable has a significantly positive effect on the price-cost margin, irrespective of industry. An one-percent rise in TFP increases the price-cost margin by 0.985 percent (transportation equipment) to 1.334 percent (general machinery). 
C. Reverse Causality from Exports to Productivity
Positive effect of productivity on exports has been confirmed by many studies. However, the reverse causality has been also discussed, though the evidence is mixed in the literature. 9 The exporters might increase their productivity through various channels. First, interaction with foreign competitors provides information about process and product reducing costs. This channel is called learning by exporting. Second, exporting enables firms to increase scale. Finally fierce competition in overseas market forces firms to become more efficient and stimulates innovation. If the causality runs from exports to productivity, then our story should be modified accordingly. It is not strenuous re-structuring efforts by firms, but an exogenous export surge for Japanese goods from China and Asian NIEs, that contributed to an increase in productivity of exporters. Therefore it is important to conduct this reverse causality test from exports to productivity to distinguish between two different stories on the primary factors that pulled the Japanese economy out of the lost decade.
We estimate the following dynamic TFP equation.
where    ; cash flow, and
We assume that TFP depends on the ratio of cash flow to sales, debt-asset ratio, firm size and lagged exports. The ratio of cash flow to sales might affect TFP by way of firm's R&D activities. R&D investment crucially hinges upon cash flow since R&D investment in general is not accompanied by purchase of collateralizable assets. 10 Eq.(18) is estimated by Arellano-Bond procedure. The instruments are the first difference of the lagged explanatory variables. Estimation results are shown in Table 5 . The ratio of cash flow to sales has a significantly positive effect on TFP across industries. As for the effects of exports, the coefficient of lagged exports is not statistically significantly positive in any industries. Therefore our evidence suggests that productivity affects exports, but not the other way around.
9 As for the evidence of productivity improvement upon entry into export markets, see, for example, Van Biesebroeck (2005) . He reports evidence that exporting raises productivity for sub-Saharan African manufacturing firms.
10 See Ogawa (2007) for the importance of cash flow in R&D activities for Japanese manufactures during the financial crisis of the late 1990s to the early 2000s. 
V. External Demand versus Productivity Gain
In this section we calculate the extent to which each determinant of export contributed to the export surge in the 2000s that helped the Japanese economy get out of the lost decade. In so doing we evaluate the relative importance of demand and supply factors in exporting behavior of Japanese firms during this period. Specifically we calculate the contribution of world demand, relative prices, firm size, lending attitude of the financial institutions, price-cost margin and its components: wage rate, rental price of capital and TFP to export variations in the 1990s to 2000s. Based on the estimates of the export function as well as those of the price-cost margin equation, the contribution of world demand to export is calculated as the proportion of the rate of change in exports explained by the rate of change in world demand or
Similarly, the contribution of the price-cost margin, real exchange rate, firm size and lending attitude of the financial institutions to export is calculated, using the corresponding coefficient estimates of the export equation. The contribution of each component of the price-cost margin can be also obtained by using the coefficient estimates of the export function and the price-cost margin function. For example, the contribution of TFP to export is given by
Productivity gains are much more important than growth in external demand in explaining export growth during 1999-2007. The contribution of different variables in explaining export growth during this period is calculated for all the firms that existed for the entire period. The upper and lower panels of Table 6 show the mean and median of the frequency distribution of the contribution of each variable across firms. Let us first focus on the first columns in each pair, which report results based on regressions without the lending attitude diffusion index, LEND. It is important to note first that growth in firm size, measured by the growth rate of asset size, is the most important contributor in explaining export growth, except for general machinery 11 : for example, the median of the frequency distribution of the contribution of () −1 ranges between 44.8 percent for the whole sample and 66.2 percent for electrical machinery. Productivity gains, measured by the growth rate of TFP, is the second or the third largest contributor: the median of the frequency distribution of the contribution of    ranges between 24.8 percent for general machinery and 48.0 percent for the whole sample. On the other hand, contributions of growth in external demand are much smaller than those of productivity gains: the median of the frequency distribution of the contribution of (  ) is at most 16.5 percent for the whole sample. The importance of TFP as a driving force of exports remains essentially unaltered when the lending attitude variable is taken into consideration in estimating export function. As shown in the second columns in each pair, the proportion of export variations explained by TFP ranges from 18.2 percent for general machinery to 40.4 percent for the whole sample. On the other hand the contribution of world demand to export is limited as the ratio of export variations explained by world demand is at most 18.8 percent for electrical machinery.
VI. Concluding Remarks
The surge of exports in the early 2000s helped the Japanese economy pull out of the lost decade. We find that this increasing trend of Japanese exports during this period was helped by the so-called divine wind or the large exogenous overseas demand for exports, but was largely explained by substantial improvement of productivity of exporters. Kwon et al. (2008) showed that the acceleration of TFP growth of Japanese manufacturers since the early 2000s mainly reflected restructuring efforts by incumbent firms to reduce labor and capital costs. The upshot is that without firms' ceaseless efforts to raise productivity and strengthen international competitiveness, the steady growth of the 2000s out of the lost decade might not have happened.
Appendix: Data Appendix
In this appendix we explain in details the sources and the procedure to construct the data used in this study. The primary data source is the set of unconsolidated financial statements of firms listed on Tokyo Stock Exchange, 1st Section. The database is provided in electronic base by Nikken Inc. as NEEDS database.
Our analysis focuses on the machinery-manufacturing firms since these firms played a vital role in the recovering process from the lost decade by exporting activities. The data are basically collected on firm basis. However, when data are only available in industry aggregates, we use the same values commonly to the individual firms within the same industry. Data are also summarized in terms of descriptive statistics from Tables A1 to A3 in this appendix.
TFP and Related Data
As was explained in the text, the log of TFP is composed of real output, three inputs (capital, labor and materials) and their corresponding shares. Each component is constructed as follows:
Nominal output (), output price () and real output () Our definition of total cost of production does not include the cost of production of unfinished goods that are carried over from the previous year, but does include the cost of production of goods that are produced but not sold and carried over to the next year in terms of both finished and in-process inventories.
Accordingly, we should add the change in these inventories of current period to the sales amount to construct the consistent output with production cost. These data are drawn from NEEDS as follows:
•  :Sales Amount + (Ending Finished Good Inventory − Beginning Finished Good Inventory) + (Ending In-process Inventory − Beginning In-process Inventory).
• : Corporate Goods Price Index by Sector by Bank of Japan.
Real output () is obtained by deflating the nominal output () by output price ().
Since the output price () is not available for individual firms, we use the industry average prices and apply them commonly to the firms within the same industry.
Labor cost (), wage rate () and labor input () The data for labor cost are also drawn from NEEDS as follows:
• : Welfare Expense + Transfer from Reserve for Retirement Allowance + Wage Payment.
• : Labor input measured as the total working hour per year ( × ).
• : Number of Employees in NEEDS
• : Hours Worked classified by Economic Activities in Annual Report on National Account, Cabinet Office, Government of Japan.
Since working hours is available only for the industrial average, they are common to all the firms within the same industry. Wage rate () is obtained by dividing labor cost () by the product of the number of employees and yearly working hours ( =  × ) described above. •   : Input price index (calendar year of 2000 = 100) by Bank of Japan.
Real material input ( ) is obtained by deflating the above material cost (   ) by material price. The material price (  ) is also applied commonly to the firms within the same industry.
Capital cost (), rental price of capital () and gross capital stock ()
Capital cost is the product of rental price of capital () and the gross capital stock in constant price (). The data on gross capital stock is provided by Professors Taiji Hagiwara and Yoichi Matsubayashi. They compile the gross capital stock series in 2000 constant prices by perpetual inventory method base on the financial statements of the Japanese individual firms. The detailed explanation on sources of the data and the construction method are provided in Hagiwara and Matsubayashi (2010) .
The rental price of capital () is calculated as follows:
• : Price index of investment goods; Investment Goods Price Index (average of calendar year of 2000 = 100) by Bank of Japan as the price index of investment goods ().
• : Physical depreciation rate of capital stock; Net Retirement (at market price in calendar year of 2000) divided by Gross Capital Stock in Constant Price (at market price in calendar year of 2000) in Gross Capital Stock by Cabinet Office, Government of Japan, and Price index of investment goods (), and the physical depreciation cost () are common to all the firms within the same industry. The corresponding cost shares (      and   can be obtained by dividing each nominal cost by the total cost ( +    + ).
Using nominal output and total cost, price-cost margin (  ) is defined as
Exports and Related Data
Nominal export (    ), export price (  ) and real export (  ) World price (  ) Since world price is not available by industry, we use the import goods price (  ) as a proxy of world price. The yen-denominated export price is converted into the dollar-denominated one by the effective exchange rate ().
•   : Import Price Index (contact currency basis, 2000 base) by Bank of Japan.
• : Nominal Effective Exchange Rate Index (2000=100) by Bank of Japan.
Data on Financial Conditions of Firms
•  : Debt-asset ratio; Total Debt / Total Asset in NEEDS.
• : Real asset; Total Asset in NEEDS / . • : Sales amount; Sales Amount in NEEDS.
•   : Bank's Lending Attitudes DI in Quarterly Economic Survey, Bank of Japan. 
